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Preoperative Evaluation

Careful assessment to determine the exact cause of symptoms
and the effect on the patients' emotional and functional
state is paramount in revision back surgery. Patients should
undergo a detailed history and physical examination to rule
out nonspinal causes for their current symptoms and to
identify their pain generator. Such an approach can help
with the preoperative planning, avoid any unexpected intra-
operative findings, and improve the outcome after surgery.

History
Review of medical records, reports of previous surgeries,
and radiographs can identify causes of failed back surgery.
Assessment of the medical history, medications to rule out
narcotics abuse, review of systems, and social history includ-
ing work history, motivation for return to work, and involve-

ment in litigation can identify comorbidities and predict
functional outcome of revision surgery. History of smoking
increases the risk of pseudarthrosis after fusion surgery.
Mechanical back pain after a short period of pain relief
following spine fusion may be indicative of a pseudarthrosis.
Nonmechanical back painmay indicate infection especially in
the presence of constitutional symptoms such as fever, chills,
and weight loss. Differentiation between neurogenic and
vascular claudication can be determined from the history
(stationary bike and shopping cart sign). Depression is com-
mon in this group of patients especially in patients with
multiple previous surgeries. Red flags for depression can be
identified from the patient's history such as feelings of
despair, sleep disturbance, loss of appetite, loss of sexual
desire, irritability, and inability tomake decisions. Addressing
these psychosocial factors before revision surgery improves
outcomes.1
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Abstract Revision lumbar spine surgeries are technically challenging with inconstant outcome
results. This article discusses the preoperative, intraoperative, as well as postoperative
management in these difficult patients. Successful intervention requires a detailed
history and physical examination and carefully chosen diagnostic tests. Preoperative
planning is paramount in these cases. The decision-making process should address the
timing of the surgery, surgical approach, level of interbody fusion required, correction
of sagittal imbalance, type of osteotomy, location of the osteotomy, and the end of the
construct. Surgeons should be prepared to manage associated complications such as
dural tear andmassive blood loss. The use of autograft and/or biologic graft is necessary
to help in achieving a successful fusion. Postoperative management includes prophy-
lactic antibiotic, anticoagulation, nutritional support, and brace.
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Physical Examination
The followings should be included in the physical
examination:

1. Neurological: Examination should include sensory, motor
power, deep tendon reflexes, nerve root tension signs, and
gait pattern.

2. Sagittal balance: Clinical evaluation of sagittal balance
starts with an examination of the patient while standing
with the knees fully extended to eliminate any compensa-
tory knee flexion that may mask a severe sagittal plane
deformity. The patient is then examined in the sitting
position; if the trunk appearswith good balance in relation
to the pelvis, then a hip flexion contracture may be the
cause of sagittal imbalance, and this can be demonstrated
with the Thomas test. If forward displacement of the
cervical spine in relation to the pelvis remains in the
sitting position, the patient is then assessed in supine
position. When the deformity is localized to the lumbar
spine, the patient will be able to lie with their shoulders on
the table. If the head and upper thoracic spine remains
elevated from the table, a fixed deformity in the cervical
and or thoracic spine is likely.

3. Peripheral pulses: Patients should be evaluated to rule out
a vascular origin of the symptoms. Prior to revision sur-
gery, the patient should be referred to a vascular surgeon if
there is any concern regarding peripheral circulation.

4. Hip joints: Deformity and range of motion should be
evaluated to rule out the hip joint as the main pain
generator.

5. Pain: patients should be evaluated for Waddell signs such
as superficial or nonanatomic tenderness, overreaction to
stimuli, or reports of pain during evaluations that are
designed not to be painful. More than two Waddell find-
ings strongly predicts poor outcome, regardless of spinal
pathology.2

Imaging
The following image studies should be performed:

1. Flexion-extension radiographs: In a patient with a previ-
ous fusion, plain radiograph and fine-cut computed to-
mography (CT) should be assessed for evidence of
pseudarthrosis such as screw loosening or hardware fail-
ure. Lucencies around the hardware or subsidence have
been found to have a poor correlation with findings at the
time of open revision. Pseudarthrosis is likely when mo-
tion is present on flexion-extension radiographs. Howev-
er, controversy exists regarding the amount of motion that
is compatible with a solid fusion. Criteria range from no
motion to 5 degrees of motion.3 Adjacent segments should
also be assessed for occult instability such as an unstable
spondylolisthesis and degenerative changes.

2. Radiological assessment of sagittal balance: Proper radio-
graphic evaluation is essential to assess segmental, region-
al, and global sagittal balance. Plain radiographs include
upright anteroposterior and lateral full-length scoliotic
views, long 17- by 36-inch cassette of the entire spine

takenwith the shoulders at 45-degree forward flexion and
the hips and knees fully extended. Full extension of the
hips and knees are important to eliminate any compensa-
tory flexion that may mask a severe deformity. Currently,
the most used radiographic method to assess sagittal
balance is the standing full-length lateral radiograph
measuring the horizontal distance between a C7 plumb
line and the posterosuperior aspect of the sacrum at the
L5–S1 disk space, also known as sagittal vertical axis.
Positive sagittal imbalance is defined as an anterior devia-
tion of the C7 plumb line.4

3. Pelvis plain radiography: This can assess for hip joint
pathology, such as osteoarthritis, osteonecrosis, or unrec-
ognized stress fractures that may be the source of groin
and thigh pain.

4. CT to assess bony anatomy including any bony defect after
previous decompression surgery: The CT will accurately
assess any laminectomy defect that should be carefully
watched during the surgical approach to avoid dural
violation. CT also can demonstrate any iatrogenic pars
defect or the extent of a facetectomy that may account for
the patient's current back pain (►Fig. 1). CT with fine-
section coronal and sagittal reconstructions is the best
imaging study to determine posterolateral and interbody
fusion status.

5. CT myelography: This is useful for patients in whom the
magnetic resonance imaging (MRI) scan is difficult to
evaluate, such as in patients with previous instrumenta-
tion due to metal artifact or in scoliosis due to the
deformity. CT myelography is also useful when MRI is
contraindicated, such as in a patient with pacemaker.

6. MRI with and without gadolinium enhancement5: En-
hancement with gadolinium results in increased signal
in vascularized tissues, especially epidural scar. Comparing
enhanced and nonenhanced sequences can accurately
distinguish epidural scar from a nonenhancing recurrent
disk herniation. In addition, gadolinium enhancement in
the intervertebral disk and vertebral bodies may demon-
strate the presence of postoperative infection.

Laboratory Tests

Erythrocyte Sedimentation Rate and C-Reactive Protein
Erythrocyte sedimentation rate (ESR) and C-reactive protein
(CRP) are obtained prior to revision surgeries to rule out
occult infection especially in a patient with a suspected
pseudarthrosis. Patient presenting with a history of infection,
wound drainage, or constitutional symptoms should be as-
sessed for infection. Earlyormidtermonset of severe lowback
pain after discectomy may indicate discitis. ESR and CRP
levels are usually elevated, although they are not specific
for infection. CRP returns to a normal level sooner than the
ESR, usually in 14 days, and may be useful in determining
response to treatment.

Albumin and Transferrin
Patients who require lumbar spine revision surgery, especial-
ly those who had previous multiple surgeries, and patients
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with infection are often inadequately nourished and should
be monitored with sampled albumin and transferring levels.
If these indices are low, then the patient will require nutri-
tional supplements to help with the healing process.

Electrodiagnostic Studies
Physical examination findings are sometimes difficult to inter-
pret in failed back surgeries, especially in patients with second
gain issues such as active workers' compensation claims or
involvement in litigation. In such cases more objective diag-
nostic tests such as electromyograms and nerve conduction
velocity can be valuable, although they may not be predictive
of outcomes following further surgery. Electromyograms and
nerve conduction velocity studies may be helpful to assess the
severity and location of nerve injury and to differentiate
between radiculopathy and peripheral neuropathy.

Diagnostic Block

• Selective nerve root blocks are helpful to confirm the exact
localization of neural abnormalities and perhaps to predict
outcomes of surgery.

• Diagnostic facet or pars defect blocks are useful to identify
the presence of a pain generator at the same or adjacent
level of previous surgery (►Fig. 2).

• Discography is controversial, and the resultant pain prov-
ocation is even less well understood in patients with prior
surgery. Discography can be used to identify painful
transitional motion segments. Discography has identified
painful disk segments after posterior fusion with good
clinical outcomes following interbody fusion.

Operative Tips

Intraoperative Cultures
Ruling out infection before revision lumbar spine surgery,
especially in the presence of instrumentation, is an important

step to improve outcomes and decrease complications. The
authors recommend taking aminimumof three intraoperative
cultures in all revision surgeries if an infection is suspected. If
only one culture is taken and the result comes back positive,
one cannot rule out the possibility of contamination. In addi-
tion to intraoperative cultures, ruling out an occult infection
can be achieved though a systematic approach that starts with
thehistory andphysical examination, looking for any historyof
postoperative wound infection, persistent drainage or a pro-
longed course of antibiotic after the previous spine surgery,
fever, chills, and nonmechanical back pain. Elevated preopera-
tive ESR and CRP levels, although nonspecific, may yield
suspicion for a deep or occult wound infection. In such a
case, the surgeon should counsel the patient during the
preoperative visit about the possibility of an occult wound
infection; if proven intraoperatively through wound inspec-
tion and positive intraoperative gram stain results, then a
staged procedure with the first stage involving irrigation and
debridement and removal of hardware may be necessary. In
this scenario, the patient should then undergo culture-specific
intravenous antibiotics pending the intraoperative culture.
The revision procedure can then be performed in 1 to 3 weeks.

Antibiotic
The current recommendations for the use of prophylactic
antibiotics in revision spine surgery are the following.6–9

Choice of Antimicrobial Agent

• Cephalosporin (cefazolin, cefuroxime) is first choice.
• In presence of β-lactam allergy, use clindamycin or

vancomycin.

Timing of Administration

• Provided there is no concern for occult infection (normal
preoperative ESR and CRP), start cefazolin, cefuroxime,

Figure 1 A 36-year-old woman presented with low back pain post-microdiscectomy. Computed tomography, sagittal and axial cuts, showed
iatrogenic pars defect and complete facetectomy on the left side. Patient back pain improved after instrumented fusion.
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clindamycin up to 60minutes before incision and complete
by the time of incision, and start vancomycin up to 120
minutes before incision and complete by the time of
incision.

• If there is concern for occult infection such as a history of
previous postoperative wound infection or elevated pre-
operative ESR and CRP, start antibiotics after taking intra-
operative cultures.

Dosing

• Cefazolin dose is 1 to 2 g (2 g for patient weighing>86 kg).
• Cefuroxime dose is 1.5 g.
• Vancomycin and clindamycin doses are based on patient

mass.

Duration of Antimicrobial Use

• Single preoperative dose is used.
• Redose antimicrobial intraoperatively every 4 hours for a

prolonged procedure or significant blood loss. Swoboda
et al8 noted that blood loss correlated with the change in
tissue antibiotic concentrations for cefazolin and recom-
mended additional doses of cefazolin when the operation
approaches 4 hours or blood loss exceeds 1500 mL.

• Postoperatively antibiotics should be discontinued
within 24 hours after wound closure as continuing of
antibiotic prophylaxis longer than 24 hours after wound
closure has not been proven to be beneficial; indeed, it
may contribute to the development of antimicrobial
resistance.

• Continuing prophylactic antibiotics for the duration that
drains and catheters are in place has not been shown to
reduce surgical site infections rates.

Surgical Approach
Approach to lumbar spine revision surgery can be from the
back (posterior), front (anterior) and back, or all from the
front. This depends on the pathology and the nature of the
revision surgery as well as surgeon preference.

Back (Posterior)
The majority of lumbar spine revision surgeries are per-
formed from the back. With recent advances in instrumenta-
tion and techniques, there is a trend toward performing all
aspects of the revision from a posterior approach. The in-
dications for a posterior approach include surgery for recur-
rent or residual disk herniation following microdiscectomy,
pseudarthrosis, adjacent segment degenerative disk
disease or spondylolisthesis, lumbar flat back syndrome,
failed lumbar disk arthroplasty, and infection following pre-
vious lumbar spine surgery that was done though a posterior
approach.

Front and Back
Some surgeons may choose this approach in patients with
previous laminectomy and no significant neural compression
to avoid dissection through scarred dura. The anterior inter-
body fusion is performed under the same anesthesia or as a
staged procedure followed by posterior instrumentation and
posterolateral fusion.

Figure 2 A 49-year-old man presented with low back pain after multiple lumbar spine surgeries. Computed tomography (CT) scan, sagittal cut,
showed L2 pars defect. Patient had relief of his back pain for few days after CT-guided local injection of the pars defect. This confirmed that the
patient pain generator was the L2 pars defect. The patient was then managed with extension of the instrument fusion to L2.
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Front
Barrick et al10 conducted a retrospective study that included
20 patients who underwent an anterior interbody fusion
following a prior posterolateral spinal fusion. All had low
back pain, a solid posterolateral spinal fusion, and a painful
disk(s) on discographywithin the posterolateral spinal fusion
level(s). They reported that 89% were satisfied with their
results and concluded that low back pain that continues or
recurs after an apparently solid posterolateral spinal fusion
may be caused by painful disk(s) at motion segment(s) within
the fusion. A solid posterolateral spinal fusion may not
protect the residual disk(s) from injury. Anterior interbody
fusion can provide significant improvements in pain and
function and a high degree of patient satisfaction in this
clinical setting. Based on this study, some surgeons may elect
to perform an anterior interbody fusion in patients with
previous posterolateral fusion who have continued back
pain in the presence of positive discography in motion
segment(s) within the fusion.

With the development of lumbar disk arthroplasty, some
surgeons may elect to perform lumbar disk arthroplasty for
adjacent segment degenerative disk disease caudal or cepha-
lad to a previous instrumented fusion.

Instrumentation
Segmental spinal instrumentation improves deformity cor-
rection and allows for early postoperative mobilization.11,12

Lumbar pedicle screw instrumentation, as well as thoracic
pedicle screw instrumentation, has become the standard.

Pelvic fixation may be required in some patients. In adults
with spinal deformity, fusion across the L5–S1 junction is
recommended in the presence of lumbosacral pathology,
such as postlaminectomy defects, lumbar spinal stenosis,
oblique take-off of L5, and severe L5–S1 degenerative disk
disease.1,3 To avoid complications leading to failure of S1
pedicle screws, multiple solutions for load-sharing have been
used, including bilateral iliac screw fixation and interbody
fusion. Interbody graft placement increases compression
stiffness and helps to restore sagittal alignment. Lack of rigid
sacral fixation, such as with bilateral bicortical S1 screws,
anterior column support, or bilateral iliac screws, has been
associated with a significantly increased risk of pseudarth-
rosis and, thus, poor patient satisfaction.11,13

Sagittal Balance
Sagittal balance of the spine is becoming one of the most
important factors in the assessment of spinal deformity. The
literature is clear that patients' satisfaction after lumbar
spine surgery correlates with restoration of the sagittal
balance.14,15

Preoperative planning is paramount in these cases. Sagittal
imbalance can be corrected through circumferential fusion or
spinal osteotomy. The decision-making process should ad-
dress the timing of the surgery, surgical approach, level of
interbody fusion required, type of osteotomy, location of the
osteotomy, and extent of the fusion. Bridwell16 classified
spinal deformities into three categories based on curve
flexibility: (1) totally flexible, (2) partially correcting through

mobile segments, and (3) fixed deformity with no correction
in the recumbent position. The flexibility of the deformity is
the most important criterion to consider when deciding
which surgical approach will best restore sagittal balance.
In the patient with flexible and principally disk-based defor-
mity, it may be possible to restore sagittal balance with
anterior-posterior or posterior-only surgery. Sagittal balance
is improved by structurally grafting the anterior column
through an anterior or a posterior approach. Cages, structural
allograft, and structural autograft may be used. The posterior
column is then addressed with laminectomies when there is
evidence of stenosis, facetectomies, and fusion with instru-
mentation (►Fig. 3). In patients with fixed deformity, a
posterior-column shortening procedure may be performed
to restore sagittal balance. Options include the Smith-Pe-
tersen osteotomy, pedicle subtraction osteotomy, and verte-
bral column resection. The amount of correction needed
determines the surgical procedure.15

Anteroposterior surgery is the most common procedure
used for adults with fixed deformity; however, recent ad-
vances in surgical techniques and instrumentation have led to
more frequent use of purely posterior approaches. The pos-
terior approach allows for greater correction due to twomajor
advances in the surgical method: osteotomy techniques and
pedicle screw instrumentation in the thoracolumbar spine,
both of which allow for greater curve correction with fewer
levels of fixation. The two most commonly used osteotomies
for correction of sagittal imbalance are the Smith-Petersen
osteotomy and pedicle subtraction osteotomy.

Smith-Petersen osteotomy can achieve �10 degrees of
correction in the sagittal plane at each spinal level at which
it is performed. The osteotomies are usually performed at two
or more levels. Smith-Petersen osteotomy corrects sagittal
imbalance through posterior column shortening and anterior
column lengthening. It requires a mobile disk space, other-
wise the osteotomy will not close. It may result in coronal
decompensation toward the concavity in the coronal plane if
done in a patient with scoliosis. This osteotomy is beneficial
for patientswho have a degenerative imbalance in the sagittal
plane. The Smith-Petersen osteotomy is a relatively safe
procedure, although rupture of the great vessels has been
reported following anterior-column lengthening.17

Pedicle subtraction osteotomy can achieve �30 degrees of
correction in the sagittal plane. It corrects sagittal imbalance
through posterior column shortening. It can be done in a
coronal deformitywithout risking decompensation. The ideal
candidate has substantial sagittal imbalance >10 cm or a
sharp, angular kyphosis or has had a circumferential fusion
along multiple segments.11,16,18,19 Posterior segmental pedi-
cle screw instrumentation is used to maintain the correction.
Instrumentation of at least three vertebral levels above and
below the osteotomy is preferred.20 Pedicle subtraction os-
teotomy is associated with an 11% neurological deficit in
which 2.8% are permanent.

For the patient requiring 10 to 20 degrees of lordosis or 4
to 7 cm of correction of the C7 plumb line, it is more
appropriate to perform a limited number of Smith-Petersen
osteotomies than one pedicle subtraction osteotomy, unless
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the fixed deformity is fused anteriorly.16,21 Regardless of the
technique employed, restoring sagittal balance and achieving
a fused spine are crucial to success. The risk of pseudarthrosis
has been associated with patient age >55 years, longer
fusions (>12 vertebrae), thoracolumbar kyphosis >20 de-
grees, osteoarthritis of the hip joint, positive sagittal balance

�5 cm at 8weeks postoperatively, and incomplete sacropelvic
fixation.11,22

Dural Tear
The incidence of durotomy during spine surgery is estimated
to range from 0.3 to 13% in an index procedure and up to 17%

Figure 3 (A) A 61-year-old woman presented with low back pain and L5 radiculopathy after two previous lumbar spine instrumented fusion.
Clinical and radiological assessment showed lumbar flat back syndrome and L5–S1 degenerative lumbar disc. (B) Patient was managed with L5–S1
transforaminal lumbar interbody fusion, with extension of the instrumented fusion to the ilium. Patient back pain and sagittal imbalance improved
after the surgery. The sagittal vertical axis improved from 8 cm preoperative to 2 cm postoperative.
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in revision surgery. Nearly 7% of these tears are unnoticed at
the time of surgery.23 Dural entry is much more common in
revision procedures because of adhesions in the epidural
space and dural scarring and fibrosis. Prevention is the
most important aspect of treatment. Careful preoperative
planning and meticulous, systematic surgical technique dur-
ing such procedures can minimize its prevalence. It is rec-
ommended to begin the dissection in areas of unscarred
tissue and proceed toward the potentially scarred regions.24

If the leak is observed intraoperatively, it should be
repaired with sutures, fibrin glue, fascial grafts, or a combi-
nation. When dural repair is combined with a tight fascial
closure, a negative leak with intraoperative Valsalva maneu-
ver after the repair and bed rest for 24 to 48 hours, no
increased long-term morbidity should be expected. Wang
et al23 concluded from their study of 88 consecutive dural
tears that incidental durotomy, when treated appropriately,
does not result in a substantial difference in long-term
morbidity, nor does it increase the infection or neurologic
sequelae. The authors also concluded that a subfascial drain is
not contraindicated in patients at risk for a hematoma with a
repaired dural tear.

When dural tear occurs in areas not directly reparablewith
sutures, such as in the nerve root axilla, the tear may be
enveloped with a thrombin-soaked bioabsorbable gelatin
sponge or fibrin glue. Subsequent watertight fascial and
skin closure is obtained. A lumbar subarachnoid drain is
placed several segments from the tear and allowed to drain
up to 10 mL per hour for �5 days. During this time, patients
may or may not be placed on bed rest. Antibiotics for gram-
positive coverage are administered during this period with
cerebrospinal fluid samples drawn every day for analysis. On
day 6, the drain is removed and a skin suture placed at the
drain exit.25,26

Postoperatively, detection of a dural tear may be more
difficult. Clinical history, physical examination, imaging stud-
ies, and laboratory tests all may be necessary to identify a
cerebrospinal fluid leak. A subcutaneous or subfascial fluid
collection or frank wound drainage may be early clinical
findings. When the diagnosis is in question, immunofixation
electrophoresis for β-2 transferrin can be done. β-2 transfer-
rin is a protein produced by cerebral neuraminidase and is
found only in cerebrospinal fluid and perilymph.27 Immedi-
ate reoperation has been the time-honored traditional treat-
ment and is the gold standard. However, tominimize the risks
of reoperation, other noninvasive modalities, such as sub-
arachnoid drainage, epidural blood patch, and percutaneous
fibrin glue, have been employed. Should these methods fail
after a reasonable trial period, surgery should be done.

Blood Loss
Intraoperative blood loss is a commonly encountered prob-
lem in revision spine surgeries. Significant hemorrhage and
associated comorbidities in spine surgery have not yet been
clearly identified. Such blood loss often leads to blood,
platelet, and factor transfusions. Although blood screening
has improved the safety considerably over the years, there are
still known risks of transfusion including potential transfu-

sion reactions and alloimmunization as well as infectious
risks such as hepatitis, HIV, and cytomegalovirus. Further-
more, the costs of blood replacement must be considered.
Several preoperative and intraoperative techniques are
currently available to reduce blood loss and transfusion
requirements such as preoperative autologous blood dona-
tion, cell saver, recombinant factor VIIa, and perioperative
antifibrinolytic agents such as aprotinin, tranexamic acid, and
epsilon-aminocaproic acid.

From the currently available studies, one can conclude that
for revision spine surgeries in patients with a normal coagu-
lation profile, preoperative blood donation is not beneficial.28

Recombinant factor VIIa reduces blood loss and requirement
for transfusion, and its use is not associated with increased
morbidity or mortality.29 The efficacy and cost-effectiveness
of intraoperative cell saver usage remains unclear in elective
spinal surgery. However, most of the recently published
studies showed that cell saver use is not able to decrease
the need for blood transfusion and is associated with a
significantly higher blood loss.30,31 Studies have shown that
antifibrinolytic agents (aprotinin, tranexamic acid, epsilon-
aminocaproic acid) reduce blood loss in spine surgery.32–34

However, a recently published study raised concern regard-
ing increased morbidity with the use of aprotinin in coronary
heart surgery.35

Summary

Careful preoperative patient evaluation is paramount in
successful lumbar spine revision surgery. These include his-
tory, examination, appropriate use of imaging, electrodiag-
nostic studies, and diagnostic block. Preoperative laboratory
tests and intraoperative cultures are important to rule out any
subtle infection. Preoperative surgical planning is essential
including approach, level of instrumentation, and maintain-
ing/regaining the sagittal balance. The surgeon should be
prepared to manage possible intraoperative complications
such as dural tear, and massive blood loss.
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